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54 Vitreous ceramic material*, process for fabricating these material* ami their application in bonding ceramk part* 

57 Vitreous ceramic materials, process for tabriculitig those 
materials and their application in the bonding of ceramic parts. 

Vitreous ceramic materials, including silica, alumina, 
magnesiuma and Yttrium wide. 

Thar respective weight quantities correspondent to the 
inequalities : 

32.5 % Si<) 2 + Mg O 77.5 %: 17.5 % AIA 

Application of these materials to the bondmg of parts ol 
the same type of ailicon carbide, silicon uilriUc or Si Al ON, 
yttrium oxide facilitating the wetting of an adhesive ptwte onlo the 
surface of the parts. 
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vursaa r—* materials, Bfflsaa fei feferi^ins t haa mas sif their 

""""ftS invention relates to new vitreous ceramic materials derived from 
silica, alumina, ^^taltoe ceramic materials are being 

elevated temp^atures. rf ^ by ^ing, as 

S Sn to elevated temperatures and to stresses brought 

Xu^^ 

utiHzed^SesTb^nding the crystalline ceramic matenals mentioned 

ab0Ve aerials are composed from mixtures of silica, alumina, magnesia 

and yttrium o»de, corresponding to the weight ratios 

32.5 % ^ Silica and Magnesia < 77 5 % 
17 5 % < Alumina < 62.5 % 
5 % < Y 2 0 3 < 50 % 

Such materials correspondent to the area of the > triangle >ICB of the 
diaaram [of] ternary silica+magnesia-alnmina-yttnum oxide of Figure 1 of ^ 
diagram j * materials those corresponding to the area of the 

attached y^j^SE base of cordierite, alumina and 

3£s£Sr- tfi.? . as. assffl 

limits of the compound (by weight) 
50% < Cordierite < 95% 
0% < Alumina < 45% 
5 % < Yttrium oxide < 50% 
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or, expressed in magnesium 
oxide : 6.9% to 13.1% 

} silica + magnesium + 32.5% to 61.7% 

silica : 25.6% to 48.6 % 

alumina : 17.5 % to 62.5 % 
yttrium oxide: 5 % to 50% 

Th, above materials may be additioned by at least one metallic oxide 

materials, such as ^sihcon carb iae, we s < * acts ^ a 

thickness. „ T PQPTit an elevated vitreous transition 

above 1300* C unto ox-dmng Xh ft. ratio of the 

thus formed to cool. 
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The invention extends finally to a process for bonding ; par* £^arne 
tvne of silicon carbide, silicon nitride or modified silicon mtnde (Si *™>>™ 

STpS: W T^SSS^tt^, to ^ *e 
J JfSl in an oven men it braised to a temperature in the neighborhood 
Si1i c «al atmosphere. Preferentially, after this heating at 
tSt^C. £ bonded parts are subject to one or more slow coolings to 

*^es^ 

• 12122! 1 «taT for amoving this material onto the parts to be assembled 
3fc "S^iS 23 £t well as a heat exchanger represented by 
Figure 2 of the diagram, assembled using such a ceramic material. 

TrvAiupiB l - Synthesis ftf a vitreous ofiramic material 

After fine mixing of the raw ma terials (silica and magnesia, alumina and 
yttrium * alumina and yttrium oxide) by milling in a confer 

Coders are brought to , fosior i at ar ound l^C 

SS2£ 8?S. wS use of this method, a very homogeneous material 
is thus obtained. 

VX AMPLE ? - ArailicatiP" nf the friass and f iri ng of the assembly - 

FV AM A binder a?d fSlvent are added to the ground glass powder. Different 

binder-solvent combinations may be used. . ^ t , 

According to a first variation, the binder may be a cellulose ether inat is 
dispersed in water. One may thus prepare a cellulose ether gel .commerc^ized 
uX the brand name "Bermocoll E 600" in water * , «*«d mixing me mdled 
powder of the vitreous material into this gel m the proportion of 60 to 80 /o oy 
weight of the powder for 40 to 20% of gel 

The binder may likewise be a polystyrene plasnfied with the help of 
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butyl phtalate, that has been dissolved in a solvent such as triohlorethylene. For 
example, a solution may be prepared containing 5% polystyrene by weight 5% 
of butyl phtalate and 90% of trichlorethylene. This solution is mixed with the 
vitreous material in the proportions of 60 to 80% by weight of powder for 40 

to 20% of solution. , , jj „ , . . 

It is equally possible to utilize as binder a polysaccharide dissolved in 
water at the rate of 10% by weight. 70 to 80% of the milled powder of die 
vitreous material is mixed with 30 to 20% of solution. 

In this manner, with the help of the binder and the solvent, a paste is 
prepared that can be applied with a brush to the parts to be bonded . The choice 
of the binder has been determined so that the paste is sufficiently fluid to flow into 
the thin interstices (of some tenths of mm), but presents sufficient rigidity to 
remain in place without flowing, in the case of vertical joints. 

Following oven drying, the assembly is gradually brought to around 
1400°C under neutral atmosphere (argon). 

The practitioner may subject the vitreous material forming adhesive 
between the parts at slow cooling cycles assuring its devitrification if it is deemed 

necessary. . „ 

In particular, vitreous materials were prepared to present the following 

weight compositions (points D 7 E, F, G, of Figures 1 and 2). 



Cordierite 
Yttrium oxide 
Alumina 

or in weight percentages in oxides 
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Silica + Magnesia 
Yttrium Oxide 
Alumina 

A silica + magnesia, yttrium oxide and alumina-based compound was 
also prepared, in which the ratio of the quantities of silica and alumina did not 
correspond to the cordierite (point H of Figure 1). 

Silica + Magnesia 71.75% 
Yttrium Oxide 20.75 % 

Alumina 1750 % 

The expansion coefficients of the component materials corresponding to 
the area of the triangle ABI of Figure 1 vary in large proportions, and it is thus 
possible to choose from among these a material with an expansion coefficient in 
the vicinity of that of numerous crystalline ceramic materials. 

Vitreous ceramic materials were utilized according the invention in 
particular in the assembly of heat exchange elements of fritted silicon carbide, 
designed for operation in turbines [engine?]. These exchangers, whose basic 
outline is represented in Figure 3, are comprised of more than 200 tubes such 
as the tubes 1 of the figure, assembled on the external edge flanges 2 . 
The external 3, internal 4 plates [shell] and edge closing discs 5 are sealed 
onto each other with the same vitreous material. All these bondings thus assure 
the tightness between the cold flux (for example, cold air) that circulates in the 
tubes and the warm flux (warm air) that circulates in counter-current around the 
tubes. The joints such as 6, 7, 8 of the vitreous ceramic material have 
withstood temperatures [generated? - illegible] by hot gases 
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raised to 827°C without alteration. . 

Although the fabrication process for the vitreous ceramic materials 
described above appears as the preferred form of the invention, it is understood 
that diverse modifications may be applied to it without departing from its scope^ 
the binders and solvents cited are capable of being replaced by others that would 
fulfill the same technical role. 
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CLAIMS 

1/ Vitreous ceramic material, including silica, alumina, magnesia and yttrium 
oxide, characterized in that their respective weight quantities correspond to the 
inequalities 

32.5 % < Silica and magnesia < 77.5 % 
17.5 % < Alumina < 62.5 % 
5 % < Y 2 0 3 < 50 % 

II Materials following Claim 1, characterized in that .the ratio of their quantities 
of silica and magnesia correspond to that of the cordiente. 
3/ Mate** Sowing Clauns 1 and 2, characterized m that they mc ude 
addmonalty up to 5% by weight of at least one metallic oxide favonng their 

Jr^e'Sfollowing Claim 3, characterized in that the denitrifying metallic 
oxide is selected from the group composed of titanium dioxide, zirconium and 

^Fabrication process for a material following Claim I, characterized in that 
the powders of silica, magnesia [,] alumina and yttrium oxide are mixed by 
milling in a container, melting the obtained powdery mixture at a temperature 
above 1500°C under oxydizing atmosphere, then allowing the glass formed to 

^Fabrication process for a material following Claim 2, characterized in that 

the powders of cordierite, alumina and yttrium oxide are rowed by imUing in a 

container, melting the obtained powdery mixture at a temperature above 1500°C 

under oxydizing atmosphere, then allowing the glass formed to cool. 

7/ Application of the materials according to one of Claims 1 to ,4 to tne 

bonding of parts of the same type of silica carbide, silica nitride or modified silica 

nitride by addition of aluminum and oxygen. 

8/ Process for bonding between parts of the same type of silicon 



[Note : Claim 6 is an exact duplicate of Claim 5, in the French original. - 
Translator.] 
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carbide, silicon nitride or modified silicon nitride by addition of aluminum and 
S££ characterised in that a material such as any one of the Claims . 1 to 4 is 
crushed, milling it in a container in a liquid medium, drying adding to it a 
binder and a solvent in such a way as to form a paste that wets well the parts to be 
bonded, applying this paste between these parts, drying the assembly in an oven, 
£n faring & » * temperature around 1400«C under neutral atmosphere. 
9/ Process for bonding following Claim 8, characterized in that a cellulose 
ether is utilized as a binder and water as solvent. 

10/ Process of bonding following Claim 8, characterized in that plastified 
nolvstyrcne is employed as binder and trichlorethylene as solvent 
U/ Process of bonding according to Claim 8, characterized in that a 
oolysaccharide is employed as binder and water as solvent. . 
^ Process of bonding following one of Claims 8 to 11, diaractenzed in 
that a vitreous ceramic material additioned by a devitrifying metallic oxide * 

nf' Proccess of bonding following one of Claims 8 to 12, characterized I in that 
after heating to 1400T under neutral atmosphere, the glued pieces are subjected 
to ^ leasT one slow cooling cycle assuring the devitrification of the bonding 
material. 
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2Mg0-2Al 2 t)3-5Si02 



FIG.2 
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Materiaux ceVamicues vitrgux» prooede de fabrica tion de tela matilriaux 
et application de oes derniers 

La presents invention concerns de nouveaux materiaux c^rainiquea 
vitreux h base de silice, d'elumina, d© maanesie et d'oxyde d'yttrium. 
5 On utilise do plus en plus frequemment de nouveaux materiaux cera- 

miques eristallins, tela que le carbure de silicium, le nitrure de aili- 
cium, lea nitrures de silioiua modifies par addition d'oxygene et'd'alu- 
minium dana leur reseau oristallin, pour la fabrication de pieces efc 
d'appareils destines a etre soumis a des oontraintes mecaniques impor- 
TO t antes a temperature elevee. 

II eat toute*ois difficile dissembler des pieces en ces materiaux 
par ooilage, ear cela necessiterait des adhesifs resistant aux tempera- 
tures elevees et aux oontraintes entraineea par lee. dilatations thermi- 
ques, presentant un coefficient de dilatation assea peu different de 
15 ceux des materiaux k assembler > et mouillant bien eeux-oi. 

La pr^sente invention vise a procurer des materiaux utilisables 
comme adhesifs pour le collage des materiaux oeramiques oriatallins men- 
tions ci-dessua. 

Ces materiaux sont oonstitues par las melanges de ailiaa, d'alu- 
20 mine, de magnesia etVexydo d'ytbrium repondant aux proportions ponde- 
rales 

32,5 % ^ Siliee et magnesle 77, 5 $ 
17,5 % ^ alumine ^62,5 % 
25 5% < V>3 < 50 ? 

De tela materiaux correspondent a l'aire du triangle ICB du dia- 
gramme ternaire silioe + magngaia-alumine-oxyde d» yttrium de la figur* 1 
du dessin annexe. Parnii oea materiaux, oeux eorrespondant a I'aire du 
30 triangle ABC peuvent Stre fabriques en partant de cordierite, d'alumine 
et d'oxyde d'yttrium et sont representee par l'aire ABC du diagramme 
ternaire oordierite-alumine-oxyda d'yttrium de la figure Z f dont les 
c8t£a correspondent aux Umites de composition (en poids) 
50* cordiarite ^ 95% 
35 058 ^ alumine ^ *I5J 

5%£ oxyde d'yttrium^ 50* 
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10 



25 



30 



ou, exprimles en oxyde 
'magnesia : 6,95 

silice <■ magnesia = 32,59 a 61,7% 



5,9* k 13,1% ) 
5,6* a «B,6* ) 



allies : 25 i 

alumine J 17, S* a 62,5% 

oxyde d' yttrium : 5% a 50? 

Les materiaux oi-dessus peuvent Stre additionnes d'au moins «n 
oxyde tnAtallique favorisant leur devitrification, tela que le bioxyde de 
tltane, la zireone, 1- oxyde de zinc, an proportion allent jua«ju'& 5% en 
poida, oe qui ameliore leur resistance mlcaoique a ohaud antra 10OO« 

et 1350-C. M 

C as materiaux vitreux mouillent bien lea materiaux eeramiques 
oriatallins, tela que la earbura de ailioiBH, lea nitrures de ailieluo et 
lea nitrurea de silicium modifies (Si Al ON), grace a la presence de 
IS 1'oxyde d'yttrium qui Joue le role da mouillsnt. lis permettent de former 
des Joints tres adhirents de faibls Spaisseur. 

Comme lis aont h base d'cxydas et presentent une temperature de 
tranaition vitreuae Slevee (antra 900° et 100»C). ila eonviennent p»r- 
faitement dans l'apparelllage fonetionnant k Ohaud, eventuellement en 
20 atmosphere oxydante, notameat dans les eehangeera thermiques fonetion- 
nant vera 800"C. ■■»■.' 

Cas verres peuvent etre dSvitrifies, soit par addition dee oxydea 
metalliquea nentionnee ol-dessua, aoit par un ou pluaieurs eyelea de 

ref roidissement lent. 

Le proeede de fabrication le plus general des materiaux vitreux 
oi-dessus consists 4 melanger das poudres de silice, da magnesia, d'alu- 
oine et d'oxyde d'yttrium par broyage en jarre, a fondre le melange 
pulverulent cbtanu k une temperature superieure k 1500«C ecus atmosphere 
oxydante, notamment a l'air, puis k laiaaer refroidir le verre form!. 
Pour les materiaux dont le rapport des qua^tites de siliee at. d' alumine 
correapond a oelui de la oordierite, ou melange dea poudraa de oordierite 
naturelle ou synthetique, d'alumine et d'oxyde d'yttrium par broyage en 
jarre, puis fond egalement le mllange pulvlrulent obtenu k une tempera- 
ture auperiaure a 1500» sous atmosphere oxydante et laiaae refroidir la 
35 verre ferae. 
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^invention extend -«* • « '"> oM * da collag * de ***** * 
nature en carbure de eiliciua, nitrure de eilioiu* ou nitrure -de eilioiu. 
nO difie( S lA10N>, dans lequel on conoaese un »at4riau o^ue 
vitrei tel que defini ei-deeaus, le broie en Jarre en .nxlieu liquide, le 
5 aeohe, l.additionne- d'un liant et d'un eolvant de f a 9 on fc Mar une 
plte, applique catte pate entre lee piece* a ooller, a&ene Henaembl « 
Lv , puia le P-te^ una temperature voieine de 1«00»C ecus ataoephere 
neutre. »e preference, apraa ce cbauffage vera 1UO-C. on .eo«nat lee 
pi&eee eolleee a un ou plucieurs refroidieaeaente lenta aaaurant la 
10 devitrification du naterlau de collage. 

IX eat daerit oi-aprea, a titre d'amlaa, une operation de ayn- 
taeaa d.un -ateriau clique vitrei, urie operation de depose de ee 
^teriau eur dee pieces a esaeabler et de cuiason de l'»>-«^ 
„ u .un aahengcur de ehalaur/rapraaant. en figure 3 du deaaia, . aaeeabie 
15 l'aide d'un tel materiau eeraaique. 

ctrmPLE 1 - ay -«*~ d'»e matrtri™ oSr*«lque vitrei - ' 
ApP aa aelauge intlu* dee aati.rea praxes Ceilice a* 
. aluai ne et oxyde d'yttrb-. eordierite. alumina et oxyde d'yttriu*) 
20 par broyage en Jarrs, on aaene a la fusion lea poudree a« voisinage 
ri«O.TL praaenoe d'*r, en prolong le .traiteaent .2 neurea. 
Apraa ref roidiesement , le verre eat ecneeaae at. broye en Jarre, en allien 
ajueua, Jusqu-a oa que la dimension doyenne dee grains -ait ^erieure 
4 SO microns. On obtient alnai ul> materiau vitraux bien heaogane. 

25 

6n ajcuta.fi la poudre 4e verre broyee : un liant at un soivant, On 
neut utiliaer dlfferenta couples liant-aolvant. 

-Salon une premiere variants, le Uant'paut *tre un ether cellule- 
30 aique qua 1-on disperse dana. 1'eau. On peat ainai preparer un 8 el de 
1-other oeiluloeique eoasercialis* sous la ' 
« Be raoaoll E 600" dana 1'eau a »$, et melange la poudra broyee du mstl- 
• ,rXeux a oe gel dana la proportion de 60 a BO, en poida de poudre 

pour 10 k 20f de gel. ... s tA *. 

35 . Le liant peut etre *gale«ant un polystyrene plaatifia a 1'sida da 
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10 



15 



20 



,» M dissent dans ™ solvant tel qUS * 
palate de outyle, «» x on «ase« 5 , 

de pol^ne, ff ^ ^ dMl8 les proper- 

flange eetta. solution & l» P*"™ 1 ^ solution. 

diasous dens x e»u sQ iutlon. 

0n eonstitne alnsi - 1 * ^ & ^Ua*. La cholx du 

tlble d'ftre dapo*** au plnceau ~ *» * eatrisamsB t «M* pour 
. 1M t a eta affectum da faoon «*» ^ ^ ^ — 
B , 6o o«ler dans des lster ? tice 8 ^J*T°Z aan a a'aooolar daaa le 
prSsente asaaa de *l B ldlte pour reatar an *lae. — 

eas d \:rr 86 : n ~t 1N a, i.— ~ * ^ au . 

kinase do «OCO aous at*osph*re neutr* <^ fortsant adh *sif 
et Z). 
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Silioe + magn&ne 39 39 .39 15,5 

•w 

Oxyde d 'yttrium 40 30 20 20 

Alufrine 21 31 ' 11 3*. 5 



10 II a £te prepaid egalement une composition a oass da 

silica + magnesie, oxyde d 'yttrium et alumina, dans laquelle le rapport 
des quantity de silioe et d' alumina ne oorrespondait pas a la cordie'rite 
(point H de la figure T) 

15 Silioe + magnesia 71i75 $ 

Oxyde d T yttrium 20,75 % 

Alumina 17,50 * 



Lea coefficients de dilatation des mateViaux de compoaition oor- 
reapondant a ^aire du triangle ABI de la figure 1 variant dans de larses 
proportions , et- l'on paut done ehoisir parmi ceux-ei un materiau de 
coefficient de dilatation voisin de oelui de nombreux inateriaux cerami- 
ques oriatallins. 

On a utilise des inateriaux oeramiques vitreux salon V invention en 
25 particulier pour I'asaemblage d f elements d'eohangeura de chaleur en car- 
bure de silieium fritte*, destines h fonetionnar dans des turbomachinea ♦ 
Cea ecnangeurs, donfc un schema de prinoipe est represents an figure 3 f 
sent oonstituis de plus de 200 tubes tela que lea tubes 1 de la figure, 
assembles sur des flaaques d'extreraite 2* Lea, virolea externa 3, 
interne 4 et disques de. f armature d'extremite 5 aont aoellea lea una aux 
autres avee le mSme materiau vitreux. Tous cea collages aasurent alnal 
l'£taneheit£ entra le flux froid (par exemple air froid) qui oireule dana 
lee tubes et lo flux chaud (air ohaud) qui circule a oontre-eourant 
autour des tubas. Lea Joints tela que 6, 7, 8 en materiau eeramique 
vitreux ont supports des temperatures en^yitd.^s pax* dea gaz ahauds 
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norths a 827°C sans alteration. 

Bian que le precede da fabrication dee materieux eeramiques vi- 
treux decrit ei-dessus paraisse la forme d'executlon do 1'invention pre- 
ferable, on comprendra quo diverse* nodirioation* p*uv*nt lui etre 
apporteea sana eortir de eon oadre, M lluft. et eclvants mention** 
pouvant pouvant etre remplaoea par d'autres qui Joueraient le wSm r8l e 
teohniqu©. ^ 
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REVBHDICATIOMS .* 
1/ Wateriaux clique vitreux, covenant de la ailioe, de 1'alumine, 
de la magnlaia et de l'oxyd* d'yttrium, caracteria^e en ce que leura 
quantity ponaeralas respeetivea rapondent aux inagalites. 

5 

32,5 * ^ 3i0 2 + MgO ^ 77,5 % 
. 17,5 * 4 ^2°3< 62lS * 

3/ Materia aelon 1, revendication 1, carina** an ce ^ ^ ^PP*** 
d* leurs quantise de allies at da .magnate oofwm* 1 celui de la 

, 5 3/ Materiaux aelon lea revandicatiena 1 ou 2. naraaberia* ea n* qu ila 
' ooaportent eo autre Jusqu-a 5% en poide d'au colna «n oxyda mMOUm 
favorlsant leur devitrification. 

a/ Hateriaux aelon la revindication 3, ceraat4ri.es en a. que 1'oxyde 
nrctailique dM««-t eat ^ BroUp * " nstltufi par iS 

20 bioxyde q. titane, la sircone at 1'oxyde da sine. 

5/ Precede da fabrication d'un median aelon la revindication 1, carac- 
teriae en ce que l'« flange dea poudrea de ailioa. de W eal« d'alu- 
oina et d'oxyde d'yttrium par broyage en Jarre, fond la .alana- pulveru- 
Xet >t obtem* a una tamparatura eu^rieure a 15B0«C sou* atmonphsre o*y- 
25 dante, pule laiaae refroidir le verre form*. 
' 6/ Precede de fabricate d'un Piat*riau aalon la revandieatlon 2, carae- 
teriae an ce que 1'on flange da. poudraa de eordlerite. **f"« 
d'oxyde d.yttriu, par broyaga en Jarre, fobd le flange pulverulent 
Obtonu k une temperature auperieure a 150Q.C nous atmoapher* cxydante, 
3D puia laiaae rafroidir le verra formS. • 

J/ Application dee materia aelon 1'uno dea revendlcatlona * 
coilaga da pi*cea de mime nature an earbura de ailioiua, nitrura de 
allien* o« nitrure de ailieium modifie par addition dtalumini*. at 

8/ Precede de collage antra ellea de piecea de aSme nature en -oarbure de 
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dWi., *trur. d* eillciu,, ou nit-eje aili 

ua n ateri*« selon 1-una da* revandi^ ^ ^ ^ . 

^ i a a&aha. l'additionne d'un lian« 
ailieu llQUide, le S&che, l » - applique 

x .„- ..ill.. «-» U-* - """^r," X«Ur«4 . . «• 

« «- * ^rr^x ■— — - 

lion utilise ooane liant du poiyeuyrw. v 

trlchlflretbylene. M „^, Mt ifln 8. caraoteriae- en ee que 

... -Piaffe salon la revindication ©» ca ™ 
11/ Froo^* da collage seion Balvanfc de rea u. 

Von utilioe oon»e liant un ^ sa f^° °™ g 8 4 1lf earacteriae 

12/ Pi-ooeO* da collar ••!«•» * ™ l ^ mittim vitraux additional d'un 
en oe que 1'on utiliee un materiau eeramique vitra 

ovyde rfHlU- «lon x , unB de8 revendicatlo,* 8 a 12, 

;:^a ^ ooll^, au .oina - ^ de r9 ™«a n t lent 
„,urant la devitrification da materiau de collage. 
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